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LA^ER TREATMEMT OF TKLAHGlECTASXA 

jl^l KLD OF THE I MVENTTON 
This invention reXatftn to a IdBer treatment for 
coagulating bl.ood vessels and. In particular, to a J.asar 
5 treatment far 1«^ telangi^vtagla. 

RACKCTOUN D OF THE INVEH TiOM 

Telangiectasia cifjrivea from Latin roots meaniht^ "dilated 
Rnd vessel". In clinical medicine, Uie term ia used to 
describe super t'Jcial cutaneoMd vessels which become visible 

10 to tlie Imman eye* These vesseJ.e measure 0*1 tnilliiaetre (100 
jnlcrons) to 1-3 ittlllimetres In diameter- TUe dilated vessel 
may involve a venule capillary or arteriole. Telangiectasia 
arising from capillaries are initially of fine calibre and red 
in colour, but may become larger and blue or purple In colour 

15 because of iiioreaaing backflow from the venous side- Those 
arising from vetinlea are larger :ln calibre and blue in colour. 
TJiey oft^n protrude and appear tortuous* 

racial telangiectasia respond vyell to latter treatment 
which is now generally accepted as the standard of care* 

2 0 Laser etiergy ia targeted to tlie inain chromophore in blood 
which is oxyhemoglobin* present technology utilizes yellow 
light in the 57V -58 5 nm wavelt^ngtli to treat these araall 
vessels primarily of capillary origin* Thetge^ shorter 
wavelengths have limited pet>atratlon and are well absorbed by 
oxygenated haemoglobin in capillavies and arterioles but not 
by deoxyhaemoglobin in venules- Therefore, this technology 
is less effective against deeper, larger vessels and 
particularly venous telangiectasia commonly seen in the lower 
1 iinb^. 

30 Msf igurlng or syjnptomatic telangiectaaia of the leg can 

occur in 29-40% of women and 5-15% of men* Although some 
patients may have painful symptoins; mo:?t patients seek 
treatment for cosmetic reaaon»* Any effective fortw of 

-1- 



http://patentsl.ic.gcxa/patiniage.pdf?page=dis&patent_number=02198826&^ 1/2/2003 



02198826dis.af]3 Page 2 



Page 



2 of 3 



2198820 



■ treatment should therefore be ^relatively free from 
complications, particularly pigiuentajry changes or Gcarrlng- 

The general atandairci of care for iecj t^langieotaaia is 
sclerotherapy. Various 3tud3.fi& sagqe*iV. that the rate of. 
5 cLcar.iTig Is 60-70% but up to 30% of patiente c^an develop poat- 
treatment p.igmHii ration atid/or telangiectatic matting. The 
hyperpiginentatlon is c^UMSd by the extravaRatlon of red blood 
ceXls after vessel J.njury, 

The pulsed dye laser wos developed to tre^t benign 
10 vascular leaions. Numerous studitjfi have j^hown it to b& 
effective in tbe treatment of sma].! inicrovedsels in the 5C1-.1D0 
micron range (up to 0.3 millimetre) such as occurs In port 
vine etainsr facial telangiectasia and fine leg ' 
r.elangiectasia. A basic aasumptioti is that a temperature 
15 increase of 50" C is generally required to coagulate these 
vessels • it is wel.l documented that a flaahlamp pulled dye 
laaer at 595 nm and 450 microsecond pulse width effectively ■ 
coagulates microvesseis "p to 0.3 millimetre without adverse 
effects on the currpundlnq skin. However, tlio flashlamp 
20. pulsed dye laser doeRi not produce enough heating and 
penetration for effective coagulation of veaoele Urger than 
.0-3 wUliroeti-e* The average diameter of blood v^es^els in the 
deeper dermis Is 0.4 millimetre and near 5ubc;Litaneous t.ie&ue 
vessels may be ^ft large as 1-3 iniD.limetres in diameter. 
. 25 Various lasers h^ve been need to treat Ir^g telangiectasia 

with limited success. Unwanted sid^ effector a"ch as 
hyperplgmentat i.va still occur at significant rates. Laser 
treatment using a wavelength of 577-535 nm In submillisecond 
- pulses producer a photoacoustic shoc)cwave or thermal shocX 
30 whicb results in ertravasoular purpura leading to post- 
treatment hyper pigmentation. Therefore, current research is 
directed towards utilising longer wavelengths delivered in 
longer pulses to achieve more gentle heating to avoid the 
thermal shock of shorter pulsed duration. A flashlatup pulsed 
35 ' dye laser xn now available from the Candela Corporation with 
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a longer pulse duration of 1.5 milliseconds. Other syatems 
include a non-coherent puiaed ligKt source developed by Bnergy 
Systarao Co/.poration. Early reports indicate that cyuventional 
treatment Of leg telangiectasia tislng tlieee systems is atUL • 
r, ij.iiiited by hyperpi-gmentati on and r>t:her unwanted sj.de effects. 

I.n selective phototljormolysioi freciae Niazosurgery by 
selective Absoi-ptiffu of Falssd Radiatloi^. Stflence 
19 83: 220 1 52 4-527, flndersoti and Parrish piroposed a scientific 
model for tlie ideaJ. vaacula.c laser and developed the theory 
10 of selective photothermolysis. They postulated that the use 
of yellow light in pulses between 300 microseconds to 5 
itililiseconds woxild prevent non-seleotive thermal injury. The 
■jnost important criteria was that a wavelength ^fhich is 
absorbed preCerentially by the target chromophore was 
15 delivered in a pulse whose duration did not exceed the therinal 
. relaxation time (TRT) of the target chromophore. The 'I'RT of 
. a tissue is the time it takes to lose 50% of .its heat after 
irradiation. 

The theory of selective phototherioolyeiB i-equlres that 
20 the pulse duration be shorter than the thermal relaxation 
time. For superficial cutaneous vessels , the thermal 
relaxation time varies between 0.1 mllliBeconde to 10 
milliseconds depending on the size and type of vessel, The 
average thermal relaxation timfi for vsasela in typical 
25 vascular lesions in mil lisecond.^ . The flashiamp pulsed 

dye laser used to treat p«rt wine stains and other vascular 
■ lesions Is pnl.»fed at iftilliseyonds whH.ch is lees than the 

average thermal relaxation time of 1-2 mUliseconds. However, 
vessel size varies between arterioles which have thermal 
30 relaxation times of hundreds of microseconds to larger venules 
of adult port wine stains which have themal relajtation times 
of up to tens of miillBeconde . Therefore, even in the typical 
port wine stain, there are vessels with therwial relaxation 
times ranging over three -orders of magnitude shd It is 
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aiinplistiG to deflna a sihgie thei;mal relaxation time for the 

tartjet lesiotu 

Xn the treatment of leg te^langi ectasia where Uie target 
• veBoel JB generally of a uniform size, It is possible to h«ve 
S a flingle ther-iflal relaxation time for the target area. A 
iojiger puis© duration can be utilized at* long ae the thermal 
r^jlaxation time is not exceeded. Pulsed durations longer than 
1.5 milllM^iconds aire not eaaily achie^red using flaahlamp 
pulsed dy& technology- For larger vegsels above 300 microns, 

10 'longer puis© durations beyotid five mill iaenonds would still 
moct the requirements! for celectlva photo therixioiys is and allow 
the delivery of higher energies while reducing the thGrmal 
ahock as the pulse duration intzreased. The rssults show that 
itiicrohemarrhage related to therfiial shock may be reduced with 

15 the longer puloe duration but it. is not el.itiilnated. Howeve^r 
technological limitatiojic also ruake it unlikely that a longer 
pulse duration will be attainabie with conventional lader 
□ygtettif; - 

Tlieue, UitjiTE^fore, remains a need for an effective method 
20 of using a laser for coagulating vessels in vaBCular leBioti&, 
telangiectasia and the like, having larger and/or deeper 
vessels* xn particular, there la a need for an effective 
treatment for leg telangiectasia. As well, ther^ is a need 
for dii effective treatment which reduces or elituXnatefl 
25 unwanted aide effects such as hype rp lament at iovi and other 
unv/anted a.Ule offectB* 

PTJMKRRY OF T » fl TH^RMTIOM 
The present invention overcomes the disadvantages of 
prior aBsecnblies and provides a method of using a laser to 
30 coagulate vessels in vascular lesiOJis, telangiectasia and the 
like, having larger and deeper veseels and, in particular, 
telangiectasia. The present invention alBo reduces the 
occurr Slice of hyper pigmentation and rolcrohemorrhaging. 



-4- 



http://patentsl.ic.gc.ca/fcgi-bin/any2html 



1/2/2003 



02198826dis.a^ Page 5 



Page 2 of 3 



2198821) 



10 



According to the preaent inventioji tben, there la 
provided a method 0/ utsing a laser ta .coagulate vessels 
cotiipriGing tlie steps of applying multiple pulses o£ a laser 
tu a target vessel area, in appropriate energy and pulse 
duration and in wMcb the puLae repetition rate la 
ap proximal: ely equal to or lese than the invRrse of the therinal 
relaxation time of the target vessel to cause cirrrUJlative 
heating 4:f>flulting in coagulation of the vessel without 
excessive heating or the surrounding tisBue* 



DETAl h ED DRSORl l'TIQIi 
The present j.nvention is a method o£ using a laf^er to 
coagulate bLowi veaselB, it may b$ used in j^eiveral cl5.TilcaI 
applications. For example, it may be used to treat 
telangiectasia, venous mallormations, bemangiamas, striae, 
15 c!apillary wal formations and, in particuiar, , lesions resiatant 
to conventional treatment uenrig a sutamilUflecond fia&hlamp 
pulsed dye laser. In particular, It is useful in the 
treatment of ley telangiectasia » It can he u&ed effectively 
by dermatologiatfi and other laser tKerapists involved in 
2 0 cntai^eous medJcine treating larger slaed vesseie . This method 
comprises applying multiple puisee of a laser to the blood 
vessels a target area wherein the wavelength, pulse 

duration, eiiergy, and repetition rate of the laser puldes are 
dtvterinined prliaarily according to tlie vessel size and depth, 
25 one surpris.Ltig aspect of the present invention ie the 

effect of multiple pulseR on larger- vessels* Conventional 
. treatments have been largely unaiiccessf ul oh larger veBSels 
due in part to the Inability to provide sufficient energy and 
heating to the vessel to produce coagulation without unwanted 
30 side effects like the scarring of the tissue. By applying 
multiple pulses ot a laser at a lower energy, sufficient 
heating can be produced to coagulate larger vessels and yet 
largely avoid unwanted aide effects such aa scarring. To 
* achJ.eve efficient heating of the vessel from the tciultiple 
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pulses, the pul&es must be delivered at ^ repetition rate 
which aLLov/3 for a sequential increase In teraperalure frotfl 
each pulse* The multiple pulaefl are applied at a repetition 
rate that is h&low the tlierpal relaxation tlrae (TRT) of the 
5 vefl£5el5 in tUo target area and at a wavelsugtti which can 
penetrate to the depth of the veasel and be absorbed by the 
vessel* The preferred repetition rate of the pulses measured . 
in unite of Her tit la approve i mat ely eq»aL to 1/THT, 

An eosent.ial concept Of the treatment of the present 

10 invention in the watching of the puise juration and repetition 
r^^te of tbe laser to the vessel diameter. Although vessel 
8ize and, therefore, the thermal relaxation times vacy between 
arteriolefi and larger venules, target selectivity is possible 
in selective .photothermo lysis by selecting an appropriate 

15 pulse duration. in port v/ine staina, the larger ectatic 
' vessels are the targets and it is their thermal relaxation 
time whic:h shonld h^t be exceeded. Therefore, a pulee 
duration of up to five iniiliDeconds would Btill be 
appropriate, when tbe pulse duration eyiceeds the thermal 

20. relaxation time of the target, heating - becomes ineEficlant 
since the vessel ia already cooling before heating is * 
complete . It a.Uo- providefj the basis for non-selective 
scarring due to the conduction of heat to the surrounding 
tissue- T-aner pulse duration and therefore the exposure tine 

25 of the vessel less than the thermal relaKatiun tiins confine 
the beat to the target chromophore and increase selectivity. 
The 0-4 5 millisecond pulse duration of tlie flashlanip pulsed 
dye laser spares small capillaries In the 0,01 to 0.05 
mjlllLnetre range since they have cooled significantly during 

3D . the delivery of laser energy. 

•I'he multiple puise protocol of the present invention is 
the beflt avenue for treating larger vessels. The present 
invention shows that multiple pulse techniques reduce the risk 
of ittlcroliemorrhage Eor any technology and can produce 

35 cumulative heating to attain the required change in 
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temperature for ttirdahoJd coagulation of a tar<jet vea»el. One 
step in the present invention Is the «alc«Iat±on tlie 
optiuial lasier pijlse energy required for the target veBsel. The 
optimal energy determined by relating the vessel slae and 
depth to the oxyhemoglobin absorption rate w»lng industry 
standard calculations. The standard of comparison for the net 
energy required to coag«ilate a given veSttel at a given depth 
i» calculated using' a clinical, niodel of a 300 micron vessel 
at 0,5 milllinetre depth treated by a flashlamp pulsed dye 
laser, optimal treatment parameters may be delected fircjra the 
following table: 



!E2kBLE 1 


VESSEL SIEK/DZF^H 


mi. 


uinzii- 

HSEC. 


J/CH2 


CBAtiCE 


SKIN/VJSSSEL 


300 (uicroE»S/0. !> nun, • 


585 


0.45 


B 


12.33 


0.24 




580-760 


5 


26 . 






SOD micrnjiayo .5 iwk. 


585 


0»a5 


1^ 


19*0 


0.38 




530-780 


J5 


2B 


10.0 


0.20 


t iifln./0,5 mm. 


585 


0,45 


24 


4B.5 






580-*/ BO 


30 




21 


0*42 


1 BOR, /i.O wm. 


7B0- 
lOOO . 


100 


36 


11 

Liw •• • — 


0*22 



Ideally, tireatment parameters that produce the lowest 
change in epidermal teiaperature with a low akln/veasel 
temperature ratio are preferable. From Table 1, skln/vBfit»el 
temperature rat.los of 0,24 or less suggest the preferred 
wavelengths. It is obvious from the table that a flashlamp 
pulsed dye laser at 585 nm with a pulse duration of 0,45 
mllliseconde cannot treat ].arger, deeper vessels. The energy 
required to coagulate these vessels prodxicea too much 
epidermal heating as shown by the high ratios 0.38 and 0.97 
fojc vessels 0.5-1.0 millimetre in diameter resulting In 
scarring and other side effects. 
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As previously stated, a flashl&tftp pulsed dye laser at 5tJ5 
Tim and 4&0 (ftlcroseconds puiee width coacjulateo microvespels 
up to 0.3 milliuietxe in diaiueter ^^/itliout advevM^? effects on 
• the Hurroundinc^ gkin. The required energy usJ.ng this 
5 TOMbination of wave.l.eng tlx and puiae duration is 6-8 jouleB/cm* 
for a vecae] having a diameter of 0^3 roillluietre at a depth 
of 0,5 millijnetire. Using thfe«e treatment parameterB, there 
.ie a change in skin temperature of 12.T^C and a skin/vessei 
ratio of 0.24* Theoretically, trwtraenL paroinetera v^hich • 

ID ^ichieve the lowest Ejkin/veflsel teinperaturft ratio and effective 
coagulalian are coftHldered to be the most ide&l- The 
limitation of a 585 urn x 450 raicroBecond pulsed dye l&eer ia 
ilLuotrated by analyzing the calculations for treatment 
parameters of a vessel measur.^ng 0-5 miliiTnetre at the same 

15 deptb of 0.5 millJitfietre. In this situation, at 595 nra, the 
energy required to achieve threshold heating would be 12.^ 
:fouleo/cra^ However, the significant concern ia that the 
elevation in skin temperature would be IS^C With the 
PSkin/vesseX temperature ratio rising to 0.3lf. This lueana that 

20 a substantial Increase in epidermal heating would occur which 
would likely result in clinical scarring* The higher pealc 
powers reeiiltltig from uaing the higher fluence delivered in 
the same polee duration a? so results in s.lgnificant thermal* 
shock and mJcrohemorrhage* Using a longer pulse duration to 

25 " deliver the required energy la the basis foJ: the development 
of a flashlamp pulse dye laser with a longer puloe duration 
At 1-5 milliseconds* increasing the wavelength increases the 
depth of penetration which makes lottger wavalengtha wore 
useful for deeper vessels between 0,5 and KO centimetre 

30 depth - 

Another er.ep in the method of the present Invention is 
the selection c)£ an appropriate wavelength and pulse duration- 
One feature of the present invention Js the relationship 
between the wavelength and pulse duration vhlch gives the 
35 required energy to increase the temperature of the target 
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vessel above the threshold fur coagulation vhll^ raEijitainlng 
the optical skin to vesflel temperature rdtice. Utilizing a 
pulG€ duration shorter than the therma). relaxation time 
reduces the risk of scarrinci by roirlwlzing the transfer of 
5 heat conducted to flurroundincj tiG5ue&» It also provides foi: 
more *3££lciejit heating since active h&ating Qccurc before tho 
effects of passive <^ooling can be felt, A laser j^y&tem which 
delivers the repaired wavelength and approximate pulse 
duration is therefore optimal, 
IQ The appropriate xvave Length to be used in the treatment 

of: a particular vassel Is determined based upon a number of 
factors- The£;« factors; include, among others, the type of 
veHSGl, for example whether it .IjJ a capillary, artery or vein? 
degree of uxygenation; the size and depth of: the vesdelj the 
15 th.ickness of- the vessel wall; and haenaodynamic factors &uch 
as flow and viB^oeity. As an exarople. one important factor 
uriftd to detftrraine the wavelength Is the ahgtorption curves for 
deo^y hemoglobin for venyua telangiectasia and oxyhemoglobin 
for arterial and capillary telanqiectasia. The absorption 
peak at 585 nm for oxyhemoglobin .Indicates that wavelengths 
near this pe^k are m^^re optimal for capillary or arterial 

• telangiectasia. These vessels appear pinkish or uiore red* 
Elowever, the 585 nm wavelength has limited penetration. Using 
longer wavelengths in the 590-615 nm range provides for 

25 adequate absorption and increased penetration to deeper 
capillary or arterial vey^sels* To treat venous 

telangiectasia, wavelengths in the ranc^e of 5fl5 -1000 nro may 
be used although the longer wavelengths are preferred- For 
example, a relatively v?ell oxygenated superficial capillary 
type telangiectasia of small calibre, for example less than 
500 microns, will respond well tv wavelengths In the SBS-^IS 
niD range- A suitable laeer would be a long palse (pulse 

* duration of l.S milliF^econdo) flashlamp pulsed dya laser ♦ For 
vessels in the deeper dermis of medlura calibre (0.5-1.0 

35 millimetre), a longer wavelength ia preferable* if the vessel 
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ia more venous in n*ture, then the longer wavelength is well 
absorljDd by cJeoxyliemo^lobiii and is st.ill well enough absorbed 
by oxyhemog i.c>bin to treat capillary type teLanglectaala. 
Wavelengths around 62 0-700 nm are useful and a long pulce Ruby 

5 laser (2-3 Lllfiecordu) Is suitable, l-'ov deeper vessels near 
subcwt4ineou3 tissue, an Alexandrite laser at 7 50 ntn n.n a long 
pulse system {}-2 milliseconds) is appropriate- 

A further step id to select tliB repetition rate best 
• suited for tlie vessel d-vanieter and thermal relaxation time to 

10 acliieve efficient cumulative Heating of the target vessel. 
The thermal, relaxation time (TRT) of a veasei varies ivith a 
number of factors including diameter and eJi«pe. For *ny given 
thickness, spheres cool faster than cylinders wJilch cool 
faster than planes* , Vessels are cyJ.indrical but the tissue 

15 layers are planar. Complicated formulas cap be used to 
caJculate the TUT but a simple tul© of thumb provides a 
reliable approximation - The TRT in seconds is roughly equal 
to the square Of the target dimension .in rttillimetreS . 
Therefore, for a vessel ineasuring 0.1 minitnecre (100 

2 0 ■ microns), the trt is approximately 10 milllaeconde , For 
vessels "p to 0.50 millimetre or 500 mJ.crons the TBT is up to 
250 milliseconds or 0.25 seconds. Therefore^ it la apparent 
that smaller vessels cool more quickly, 'ro achieve efficieut 
heating from multiple puisee, the pulses must be delivered at 

2S a repetition rate which allows for a laequentiai increase in 
temperature froJfi each pulse. For small vessels, the 
repetitior ra.te needs to be rapid, ror example, a 300 micron 
veasei with a 90 luiilisecond TRT cannot be efficiently heated 
by multiple piilfl&a using the present techno] ogy which only 

.10 achieves repetition rates in the order of 1-2 He or 1-2 pulses 
every second. However, these suiall vessels do not require 
miiitlple pulses as they are eftectively coagulated using a 
standard flashlainp pulsed dye laser- For larger vessels, 
repetition rates of ]-2 Hz can be effective in producing 

35 cumulative heating. For example, a vessel of 1.0 raillimetra 

-10- 
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diameter has a TRT of one second and a vessel o£ 0-5 
millimetre baa TXT Of 0.25 seconda. At a repetition rate of 
1 HZ, the smaller vessel would have lost (float of i.t9 heat 
within the one second time frame, fit 2 H*. the smaller vessel 
«ould J.use m^^t of it» heat but the.:e would be some 
incremental, increase In temperature after eaOi pulse. Tlie 
larger veeftei would Have lost 50? of Its heat after one eecojid 
and sequential pu].ses would be more effective in producing 

cuiBUl.ative heating. 

A number of expe.riraents were conducted to confirm the 
concept of using multipJ.i* pulses to treat larger calibre 
vessels. The first objective was to investigate whether 
multiple pulses could achieve -effective heating with a lover 



15 



20 



25 



30 



TABLE 2 






wavelength ftitn) 


^ — 

595 


585 


pulse duration (microeeconds ) 


450 


450 


number pulsee 


1 


4 


energy { joules /omM 


6 


4 




repotitiott rate (Hk) 


U 1 «MI=J 


1 



Five BObjGcts with untreated port wine atainB were studied. 
Adjflcetit areas measuring two square inches were outiined in 
eac:h subject, latieiJ.ed appropriately and photographed. Bach 
subject was treated with a Candela Corpora t.loii flasbUmp 
pulsed dye laser ut 1-11 zing a weivelength of 50 5 nm, and a puJ.&e 
duration of 450 microseconds. A sttandard single pulse 
technique using a fluence of 6-0 juules/cin' w^B used to treat 
one area *nd a multiple pulee technique using 4 Joules/cni* 
df>livere<i in four pulsea at a repetition rate of i Hz was used 
to treat the adjacent area, ^t one hour and 24 hour interi?als 
after breatment, each subject underwent skin biopsies. Each 
subject waB seen at three months to asseaa the degree of 
fading. The skitt biopsies were revievxed by an independent 
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15 



20 



dermatopathoIogiHt and assesoed for a variety of Jiietologic 
findinqa inclnding tbe degree of B^iDendothelial injury, edema 
in the perivascular c;jf£ and thP. degree of inicrohei;aorrtja<je or 
extravasation . 

■i^he reQulttt confiirwed that raultipla puXa^^a produced 
effective coagulacion a» there was no sicjiiificanh difference 
X.U the degree of fading between each treatment method- Tdere 
waa a signif icatit difference in the degree of jnicrohemorrhage 
oeeu at both one and 24 hours. T]ier« wa^ little, if. any, 
microhemorrhacie at 24 hours in the multiple pulss sites as 
compared with florid microheitiorrhage seen at the single pulse 
sites, 

The study described above was repeated using a flafllilanip 
pulsed dye laser with a pulse duration of 1,5 mlUseconds 
with another five sabjetits with untreated port wine stains. 
Once again, there vjas no s.i.ijnif icant diffeuencft in the degree 
of fading obtained but raicroheinorrhage were lees evident with 
inuitiple pulses and lower fluenoes as cioiapared to a higher, 
•fluence delivers^d in a Bingie pulse. A iumjer pnl^ft duration 
decreased the degree of thermal shock but required the use of 
higher fjueiices. 

A further cUnicai study was carried out in ten subjects 



25 



30 





TABLE 


3 






l^sgnj 




waveienqth (nn) 




590 


and S 


95 




number of pulees 


1 


1 


4 


5 


6 


enerav (ioules/cm^) 


IS 


20 


8 


a 


.: 


reoetition rate (Hz J 
r 1 II — 








-8 


.8 





•The study had two arrae; one using a 590 nm wavelength and 
another using a 5 95 iim wavelength. At each wavelength, three 
sites «er« treate<i uoing a single pulse tecbnique at f laencea 
of 15 jouleg/cm' and 20 joulee/cni' . In the aanie patlentB, 
t!ire« adjacent sites were treated u&ing a multiple pulse 
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25 



30 



technique of B,0 joules/cm^ at f.oar. five, and six pulaee 
delivered at a repetition rate ot O.B Ba. Patients were seen 
at 3, 6 and 12 weeks after treatment. Fates clearing and 
side effects wero aseessed. Each method of tredtment achieved 
a 60^ rate of fading. Huwever, the degree of post-treatment 
hYperpicjmentation was reducecJ rrcm 80* in the single pulae 
aites to 10% in the multiple eitea. 

T>i&se experiments cionfirca that the energy required for 
irreversible vascular injury can be delivered in multiple 
sequential pulses at a criti<?al repetition rate instead of a 
single pulse without atiy loss Of effiu*ay. fi9 well 
microhemorrhage which is an unwanted side effect of single 
pulses can be significantly reduced by using multiple pulses 
at appropriate parameters. 

The foilowincj examples illuetrate some of the preferred 
parameters for application of the present invention to target 
vessels in. telangiectasia ► 

For the application of the present invent.ion to veseele 
in the BwperficiaL deriwis having a depth of up to 
approx-imately 0.5 millimetre, the following criter.l.* may be 
used. 



1 «■ 1 1 .— ^I-I — ■ 

XABLG 4 






vessel depth 




0^5 mm 


« 


vesi^el size 


300 microns 


wavelength (iim) 


5B5 - 5 




^ul5e duration (mlliiseuvndGj 




1.5 


nijml?€r of pulsec 


1 


3-5 


energy ( joulea/cm' ) 


15-20 


8-12 


1 repet'-ltion rate (ilz) 




5-10 



For vessels having an approximate diameter of 300 microns, 
wavelengths in the 5B5-595 nm range are preferred. A 
fla&hlamp pulsed dye laser in the long pnloe mode (1.5 
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niillisecondB) has been found to be effective. In one example, 
twenty subjects were treated with a single pulse uaincj 15-20 
joulea/cjn= in a 7.0 millimetre elliptical Bpotalze. A total 
of 120 treatment sites were asseeBed. A 60% rate of clearing 
w&fi obtained afiter twu treatments and the incidence ol poat- 
treatTTiRtit hypsrpigjn^iLtation was 75%. 

To decrease the riak of post -treatment hyperpigmentation, 
the multipJe pulse techn:i.que of the present invention may be 
oeed. in one example, a laultiple puice energy of B-12 
jouUa/cir= with a pulse width of 1.5 miUlsecondH was applied 
to the target area. The pulses were repeated 3-5 times at a 
repetition tate of 5-10 Eiz, A 300 mioron veesei has a thermal 
relaxation rate of approximately 100 milliseconds or (l.l of 
a second. Since a vessel heated by one pulfse Looes 50% of its 
15 heat in approximately D.l seconds, a repetition rate of 10 H8 
prodoces moxe efficient cumulative heating than a rate of 5 
Uz. Present technology requires extensive modifications to 
achieve these Higher repetition rates. Because of this 
limited availability to provide the pjreCerred repetition rate 
20 of 5-3 0 HZ, tKe applicability of the present invention to 
small calibre vessels is limited. 

I'or treating vessels with a diameter of 0.5-2.0 
.willimetres, lower repetition rates may be uaed. A vessel 
with a diameter of 0,5 milliiaetre bag a thermal relaxation 
25 time of approximately 250 milliceconda or longer. Therefore, 
a laser with a repetition rate of 1-4 IIz can produce 
eumuiative heating and higher repetition rates would produce 
greater efficiency. At larger diameters, the therflial 
relaxation time ijicrcases, A vessel with a diameter of 1.0 
30 millimetre may have a thermal relaxation time approaching one 
second and at 2.0 millimetres the thermal relaxation time may 
. approach four seconds. Therefore, with increasing vessel 
• diameter, lovrer repetition rates become more effective. ?Qr 
a vessel of 1 roillimetrfi, a repetition rate of even D.5 Hz 
35 will be able to produce cwmulative heating. 
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For vessels within the swperficia]. dermia, wavelengths 
as loM a« 585 nm will achieve sufficJ.ent penetration. For 
oxyhemoglobin, the 565 nin wavelength pLoclucGs the best 
absorption altJiough longer wavelengths can be useful. Fox 
venous telangiectaeia, where oxygen tensions are lower, 
cJeoxyheiaoglobJ." Is an efficient target chromophwre for longer 
wavelengths between 600-1000 nm. Therefore, to treat 
telangiectasia of thia sisse and depth, a variety of laser 
syntems producing a range of wavelengtha may be useful. These 
systeme include o flashlamp pulsed dye laser (5B5-595 nm x 1.5 
milllseconriB), a long pulse Ruby laser (690 nm H 3 
Taillioeconds) oj: an Alexandrite laser (700-1000 ntn x 1-3 
milliseconds). All of these systems may be equally Useful 
although for venous type telangiectasia the longer wavelengths 
ace preferable. All of these systems are used in the present 
.Invention in conjunctioti with soine method of epidermal 
cooling, such as chilled VigiioTi, or proprietary systems as 



20 



25 



30 



TABLE ^ 




0.5 nm» - 2 

iDin. 


waveienath (nml . 


5S5 - 595 


puifie duration {millleecQiida ) 


1.5 


number of oulse^ 


5-10 


energy {joules/cm^) 


lO - 20 


repetition rate (Ha) 


0.5 - I 



The present invention was applied to these larger vessels 
using a wavelength uf 505-D9S lira vrith a pulse d«iratlon of 1,5 
miLlisecopds, The energy used was 10-20 joulee/cm' at a 

■ repetition rate of 0.5 - 1 Hz. The number of pulses was 5-10, 
The precilse energy level and the miraber of pulses will be 
determined by a skilled clinician basea on factors conunatily 

■ used in t;onventional treatments to determine such parameters. 
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These factors include the patient's ekiii type and target 
vessel size a^d type, Gereraliy, f.or type H and type HI 
skill, lower energy leveJ.« give a greater inargin o£ safety 
Gince epidermal abaorption by inelanin Js a greater problem 
with these skin typos. For venoua type telangiectasia, a 
longer v^avelengtW i3 favoured and would be the preferred 
option for a vessel at the deeper levels of. the upper dermis. 
Kith an increased wavelength, slightly increased energy levels 
arci geiieraiiy required to conipenaate lor a B].ightly lower 



TABLE 6 








L . — ^1 1 

wavelength (nra) 


690 


pulse dujr^tion (milliseconds) 


1 - 


3 




number of pulses 


J5 - 


10 




energy ( joules/cn* ) 


10 ■ 


- 20 




repetJticn rate (H2^ 


0,5 


- .1 





A further trial uflftd a wavelencjtli of 09 0 .nm, a palao 
duration of 1-3 m.i.l li seconds p energy of 10-20 Joules/ciTi% A 
repetition rate of 0.5^1 Ha, and 5-10 pulseB. This lot^ger 

'wavelengtli may be more ueeful for venous type tftlangi ectasia 
and deeper, thicker or larger calibre vessels < Again, the 

. clinician will seJ.ect specific energy levels and repetition 
rates depending upon akin type and vessel size. A larger 
vessel can be heated w.Uh lower repetition ratea although 
there ic an optimal rale for each vessel alsse* The nnmtier of 
pulses required will l.ncreaae vith an Increase in vessel 
diameter. However, increasing the number of pulses cAit also 
be used to compentsate for .lower energy levels ugi^d Iji skin 
types II and III. 
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to 



15 



20 



25 



30 



1 ■ 




wavelength (phi) 


750 


pulse duration (milliBeconds ) 


1.2 


number of puJ.Mes 


5-10 


energy { jualeo/cm*) 


]0 - 12 


rGDeti tioii rate (Hz) „ 


1 - ^ 
PI" ■ 



A further trial used a longer waveifingtli of. 750 nm, with 
a puUe duration of 1-2 milli»ecoiid». The enertfy used v^aa 10- 
12 Joules /uJn\ with a 2 milLlmetre epotaiae. The repetition 
rate was 1-2 llz vcith 5-J.O pulses , Tlie ilcmger wavelength of 
the Al<jxaiiclrit« laser used in this trial is more useful for 
venous telangiectasia and larger, thicker vessela. 

The eneryy required to achieve coagulation temperature 
(!iti increase in tcraper^ture of. approyimately SO'CJ ca^i be 
delivered in any cooibinatioTi of energy and munber of pulses. 
The ejtaot combination will vary with skift type, vessel siee, 
type of: telangiectasia, and other characteristic a. at 750 nu, 
a vessel of 0.5 milliraeti-e diameter at 0.5 inillinvetre depth 
required about 30 joules/cm' to achieve the requlATed 
temperature change . Thie energy can not be delivered in one 
pulae since epidermal heating and tJiermaL shock would be 
excessive . As well, present technology cannot deliver the 
required peak power to emit thne amount <if energy in one 
pulse, with the present invention, usitiqi the principle of 
cumulative heaUing at a repetition rate appropriate for a 
given vessel diameter allows tor the energy required to be 
delivered in multiple piiKies until visible coag.ilatlon io 
achieved. For the 0.5 millimetre vessel, the combifiation of 
treatment parameters may be 10 joulea/cia^ x 2.0 milUmetres 
spotaize X pulse duration of 1 millisecond x repetition rate 
2 «z X 10 pulses. For a larger vessel of 1 m.i.lliioetre, the 
combination of treatment parameters may be 10 jouUs/cni' x 2,0 
milliraetjces spotsize x pulse duration of 2 millioeconda x 
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repetition rate 1 Hz x 5 pulses. The shorter pulse duration 
in Uie first set o£ treatttient patainetejre allows for a h:i.gher 
repetition rato. Th« lower repetition rate in the second Bet 
of treatinetit parameters acliieveM efficient lieatifg since the 
thormal rela^al:lon time of a l.O nilJ..imetre veueel approaches 
1 aecontl. Tlierefore, at a repetitjon rate uf 1 Hx, the 
radiated veeacl has lost only 50% of its heat when tl^e second 
pulse is delivered. A lower number of pulses ia required for 
the larger vessel since the relaticnahip of vessel diameter 
to attained repetition rate is moj.'e optimal, for the piiialler 
vessel of approitJmately 0.5 iriillimetro, the thermal relaxation 
tliD« is of: the order of 0.25 seconds. With the repetition rate 
of 2 H2 which is within the capability of available 
technology, the vessel has lost more Uhan 50% of its heat by 
15 the time the next pulse arrives and the heating is less 
efficient. Application of the present invention at a 
repetition rate of 4 Hz would be more ideal but It is not yet 
attainable with present techno l-ngy. 

•Vh& atoove-deacribed etuboil.HineiiLs of the present Invention 
20 are meant to be illustrative of preferred embodiments of the 
present .Invention and are not intended to limit the scope oJf 
the present .i.nventlon. Various modifications, which would be 
readily apparent to one skilled in the art, are Intended to 
be within the scope of the present invention. The only 
25 limitations to the scope of tlie present invention are set out 
in the following appended claims. 
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THE BMBODIMSHTS OP THE INVBHTIOM 3» WHICH h» EXCLUSI^^ 
P»OPBKT« OR PRtVILBOB IS CIAIMSP ARB OBFIMBD AS FOLLOWS! 

1. A method of using 3 laser ty aoaguLate vessele compr.itJ.ing 
the steps* nf appJying rawlltiple puiaes of a laser to & target 
vessel airea, appropriate energy c^nd pul.Bfi <iuratio» and In 
wliich tlic pyipe repetition rate is sppL-uximatel.y equal to or 
less than the inverse aC the tliermai relaxation Uline of the 
targcit vessel to cause cainulat.lve heating resulting in 
coagulation of the vessel .without €>tcessive Seating of thfi 
surrounding tissue. 

2. A method of usJ ng a laser to coacjulate veuseln comprising 

• the steps of: ; 

aelecting a target vesseJ area to be treated; 

calculating the required energy rate of the laser 
ar^cording to factors soCh as the target vessel slsse, vesael. 
depLh, and vfjsael and sTiin type within the target veasel area; 

rselecting an appropriate wavelength and pulse duration 
yf the .laser which gives the required energy to increase the 
temperature of the vessel within the target vessel area for 
coagulation while maintaining the optimal skin to vessel 

• ratios; 

selecting the repetition rate accordiiig to the veasel 
diaraeUer and the therinal relaxation time to achieve cumulative 
heating; 

getierating multiple pulses of laser light having said 
energy rate, wavelength, pui»e duration, and repetition rate? 
and 

exposing the target vessel area to >«ultiple pulses of 
iaeer light. 

3. The method according to claim 2 wherein said pulse 
(duration is leas than the thermal relaxation tittie of the 
target vessel. 
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•4. Tho method according to claim 3 wherein said repetition 
rate of the User pulse measaxed in Hertz Xb approximately 
equal to 1/tR'I wherein the TUT i» t:he thermal reJ.a^ation tim 
uf the target vef^ael- 

5, The meLhod airciording to clajm 4 wherein the waveiength 
is approxnmately between 560 and lOOO niu. 

6, The method according to cUira 5 wherein the wavelength * 
.iG approximately between 620 to 920 nm where the target vessel 

is venous in nature ► 

.7. The^ iRethod according to claim 5 wherein the wavelength 
of the selected laser beam is approximately between 590 tQ 615 
nm where the target vessel .I0 a capJllary or arterial in 
nature, 

e. The method according to claim 5 whereltt the Vessel 
diameter is greater than 30 U microns * 

9. The method aecordiucj to cla.i.itt 8 wherein the tre^Ltwent is 
applied to telangiectaaia. 

10. ' The method according to claim 9 wherein thft treatment is 
applied to leg telangiectasia - 
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The present invention is a methoci of uBinci a laseir to 
coagulate bloud vcsnels and, in particular, u^iing wavelengths 
between 5 BO- 1000 nm delivered in a multiple pulse technique. 
5 'i-he fLuence require<:3 for photocfoagulation and irreversible 
vessel injury i.fl delivered in a flp.quci^ce of pulses whic:h 
allows Cor cuiu^jUliive heating of the irradiated vessel- Eacih 
pMl^0 utillKfis a fjubthresholf] fluence delivered at a 
calculated repetition rate based ufi the thermal r<>laxation 

10 time of the targeted vessels to allow for efficient heating* . 
UiJing 3evei-£il pulses at. a lower Tluence than would be x-equired 
• if the e^nergy were delivered in one ptilae avoidfa tlift thermal 
ijhock V7ave which results in veasol riapt^ire and unwanted 
liyperpigraentation. r-ower fluencea also reduce the ri£ik of 

15 'epldermai injury and unwanted scarring. Hits method Is 
particularly useful in the treatment uf leg teiatic^i ectasia* 
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